Abstract
INTRODUCTION
The advances of molecular genetic technique of the last two decades and their successful application to the study of human evolution indicate that in near future a significant progress in the reconstruction of population histories (Renfrew et al. 2000) is highly expected. This optimism is based on the results of numerous studies on mtDNA and Y-chromosome variation in human populations living in every continent, which witness, in particular, for meaningful correlation between linguistic and genetic data (Barbujani/Sokal 1990; Renfrew 2000; Cavalli-Sforza et al.; 1994; etc.) with some exceptions (Nei/ Roychoudhury 1993) .
In this connection, southwest Asia, which includes the regions of the Caucasus, Anatolia, and the Near East, represent an extremely important area with respect to ancient population migration and expansion (Cavalli-Sforza/Feldman 2003) , and the spread of languages belonging to different linguistic groups. This area is remarkable for the high level of linguistic diversity and comprises five major language families (Indo-European, North Caucasian, South Caucasian, Altaic, and Afro-Asiatic) spoken by more than 100 ethnically different populations. Therefore, the area gives an opportunity to investigate a question whether there is coherence between the linguistic affiliation and the genetic relationships of populations living in this territory.
It is obvious (and in some cases it is historically dated) that as a result of ancient population migration and expansion some indigenous populations underwent the language replacement processes. This phenomenon is possible to study by comparing genetic distances between geographically neighbouring populations with those between populations belonging to the same linguistic group. Recently published data on Y-chromosome (Nasidze et al. 2003) and mtDNA (Nasidze/Stoneking 2001) variation in the Caucasus witnessed in favour of language replacement hypothesis in the region. Considering male lineages, the authors analysed 11 biallelic Y-chromosome markers in 389 males from eight ethno-territorial populations, representing four linguistic families in the Caucasus. The main inference of the Y-chromosome study, as with the mtDNA data analysis, is that Armenians and Azerbaijanis are more genetically closer to their geographic neighbours in the Caucasus than to their linguistic counterparts elsewhere (Nasidze et al. 2003) .
It should be noted that the Armenian population has been included and analysed without taking into account the expressed geographical structure of the Y-chromosome variation revealed by analysing of 11 biallelic and 6 STR markers (Weale et al. 2001) . Additionally, compound Y-chromosome haplotypes (UEP+microsatellites) provide higher level of resolution in population genetic studies (Cavalli-Sforza/Feldman 2003) , and their application in this case would allow making more valid inferences about genetic relationships between populations.
Here, we examine the language replacement hypothesis in southwest Asia taking into account the territorial structure of the Armenian Y-chromosome diversity and applying more powerful tools (i.e. compound Y-chromosome haplotypes) to assess the genetic variation between and within populations under consideration.
MATERIALS AND METHODS

Subjects
DNA has been extracted from the mouth swabs collected anonymously from 741 informed consenting self-identified ethnic Armenian males at four regional collection areas in Armenia and in the Armenian community of London. Some samples were later discarded because of typing failure, therefore the final number of samples used for the statistical analysis were 734. All samples were segregated to six geographic groups according to paternal grandparental place of birth: "Ararat" (ARA), "Iranian" (IRN), "Karabakh" (KRB), "North" (NRT), "Syunik" (SNK), and "West" (WST) (Fig.1) . (Detailed description of regions was given in Weale et al. 2001) .
Comparative data sets
We used also DNA samples collected among the Yezidis (YZD) (n=196) and Assyrians (ASR) (n=106) living in Armenia. Comparative data sets included also samples collected from other countries for the same Y-chromosome markers: "Turkey" (TRK), 179 students of Istanbul University; "Azerbaijan" (AZR), 40 residents of the capital city Baku; "Syria", 72 students of Damascus University; "Georgia" (GEO), 106 students resident in the capital city Tbilisi. Y-chromosome DNA typing results used in this paper have been provided by our colleagues from The Centre for Genetic Anthropology (TCGA) at the University College, London to conduct comparison with the Armenian data. All comparative data sets are unpublished and currently undergoing statistical analysis.
The Armenian populations and comparative data sets were classified to four linguistic groups: Indo-European (Armenians and Yezidis), Semitic (Syrians and Assyrians), Turkic (Turks and Azerbaijanis), and South Caucasian (Georgians).
Molecular analysis
All DNA samples were typed for 18 markers on the Y-chromosome-12 UEP and 6 STR mutations. In addition to previously reported markers (Weale et al., 2001; Yepiskoposian et al. 2001 ), here we use also the results of typing of mutation 12f2 (Rosser et al. 2000) , which allows discriminating the haplogroup J according to the Ychromosome Consortium Nomenclature (2002). In some cases, when convenient, we use the nomenclature proposed by C. Tyler-Smith and M. Jobling as well.
Statistical analysis
Genetic diversity index, h, was calculated from the unbiased formula of Nei (1987) . Pairwise genetic distances, F ST and R ST , were estimated from analysis of molecular variance (AMOVA) Φ ST values with the aid of Arlequin programme (Schneider et al. 2000) . The test for significant population differentiation was carried out using the exact test for population differentiation (Raymond/Rousset 1995) . The factor analysis with principal component extraction method was performed on the matrix "UEP haplogroup frequencies in populations" using SPSS 10 statistical package.
RESULTS AND DISCUSSION
The 12 UEP markers defined eleven haplogroups for aggregated data sets (Table 1) ; the number of haplogroups varies in populations-from five (in "Iranian", "Azerbaijanis", and "Turks") to nine (in "Syrians"). The most ancestral lineage, hg 2 (BR*(xB2b,CE,F1,H,JK according to YCC), exhibited the highest values in Azerbaijanis, Turks, and Georgians, ranging in the limits 40.00-48.11%; the lowest values was revealed in Assyrians and Syrians-0.94% and 4.17%, respectively. In general, this haplogroup demonstrates great geographic coherence (for six Armenian populations as well) despite its essentially undefined nature (Rosser et al. 2000) : it lies at a star like node within the Y-chromosome evolutional tree and comprises a set of derived haplogroups with probable territorial structuring.
The highest frequencies of hg1 (or P*(xR1b8,R1a,Q3)) were observed in Karabakh, Syunik, and Assyrians (42.79%, 40.00% and 41.51%, respectively), the lowest-in Syrians and Azerbaijanis (9.72% and 7.50%, respectively). This lineage also reveals an expressed geographic structuring both for all data sets and for the Armenian populations.
Syrians have the highest frequency of hg9 (J). In general, this haplogroup reaches its highest frequencies in the Caucasus and Anatolia (Rosser et al. 2000) , and we could not find any visible geographical structuring for the data sets under consideration at the lineage J level.
As a specific and ethnically tied peculiarities should be mentioned the presence of hg7 (Y*(xBR,A2)) and hg8 (E3a) only in Syrians, hg16 (N3)-only in Azerbaijanis and Turks, and hg29 (R1a*) -only in Armenians (in this case, in "North" and "West").
The distribution of hg3 (R1a1) is also geographically coherent: its highest levels were observed in Turks, Azerbaijanis, and in the southern region of Armenia (Syunik)-11.17%, 10.00% and 9.29%, respectively; the lowest values were revealed among the Iranian Armenians, Assyrians, and Yezidis-1.79%, 1.89% and 2.04%, respectively. This lineage also demonstrates a geographical structuring in the Armenian populations.
Within data sets observed, hg21 (E*(xE3)) has the highest value in Syrians-20.83%, and the lowest-in Georgia (1.89%), demonstrating a distinct geographic coherence for six Armenian populations.
Hg26 (K*(xK1,LN,O2b,O3c,P)) reveals its highest value in Assyrians (15.09%) ranging from the absolute absence to 6.67% in the remaining populations. We found the hg28 (L) at low frequencies in all data sets, with values ranging from 0 to 4.55%.
Considering all haplogroups together, regional differences (according to the exact test) are highly significant for the majority of paired comparisons showing expressed territorial structuring for Armenians (the same pattern was reveled for 11 UEP markers- Weale et al. 2001 ) and between group diversity when comparing populations from different linguistic families. In the framework of each linguistic group, we found significant differences between Yezidis and four Armenian territorial populations (with the exception of "Ararat" and "Iranian"), and between Assyrians and Syrians. In the same time, Azerbaijanis and Turks did not significantly differ from each other (P=0.166) according the exact test for population differences at the haplogroup level.
The six microsatellite loci extracted 422 compound UEP+micro-satellite haplotypes and 380 haplotypes for microsatellites only. Regional differences are also highly significant for the majority of paired comparisons (between populations from different linguistic families and within them). The only exception was the Turkic language group: we could not find a significant difference between Azerbaijanis and Turks according the exact test for population differences at the UEP+microsatellite and microsatellite haplotype level (P=0.465 and P=0.384, respectively).
The Y-chromosome haplogroup and haplotype variation revealed rather high levels of within-population diversity: the values of h range from 0.6676 to 0.7552 for UEP haplogroups, and from 0.9423 to 0.9915 for haplotypes based on UEP+microsatellite frequencies (Table 2). Genetic diversity values based on UEP haplogroup frequencies indicate the virtually equal level of variation in the Armenian population with only one exception: h is significantly higher in West than in Karabakh (Table 3) . Additionally, h values are significantly higher in valley Armenian populations ("North" and "West") than in Turkey and Georgia.
The genetic diversity values based on UEP+microsatellite haplotype frequencies are in some cases significantly lower in the Syunik, Karabakh, and Iranian regions when considering only Armenian populations (Weale et al. 2001) , and when comparing with Azerbaijanis and Turks (Table 3) . The most evident feature of the data from Table 3 is that Yezidi and Assyrian data sets reveal significantly lower h values in the majority of paired comparisons. This might be caused by the fact that both Assyrians and the Yezidis represent the diasporan part of their original population.
An analysis of molecular variance (AMOVA) was applied to study the degree and level of significance for between-group and betweenpopulation differentiation (Table 4 ). The analysis was based on F ST distance for UEP haplogroup and UEP+microsatellite haplotype frequencies, and on R ST distance for microsatellite haplotypes. Therefore, the first distance takes into account the frequency differences, the second one-both the frequency differences and the relatedness of haplotypes. The results (Table 4) indicate that the UEP haplogroups differ significantly among Indo-European, Semitic, Turkic, and South Caucasian groups: 2.22% (P<0.05) of the total genetic variance is explained by differences between these four groups, whereas 2.45% (P<0.01) reflect differences among the populations, and 95.34% are explained by the genetic diversity within populations. When three linguistic groups are analysed separately (Table 4) , the Semitic and Turkic populations are not significantly (P>0.05) different with respect to UEP haplogroups (V B =0.11% and V B =1.44%, respectively), whereas Indo-Europeans (i.e. Armenians and the Yezidis) reveal significant among-population heterogeneity (V B =2.81, P<0.01).
The results of AMOVA analysis for UEP+microsatellite and microsatellite haplotype frequencies indicate that Turkic populations (i.e. Turks and Azerbaijanis) retain the same pattern of inter-population variation: V B =0.03%, P>0.05 and V B =0.22%, P>0.05, respectively. IndoEuropeans also keep significant inter-population heterogeneity: V B =1.43%, P<0.01 and V B =1.25%, P<0.01, respectively. Semitic group exhibits an opposite pattern of inter-population genetic diversity: V B =3.10%, P<0.01 and V B =19.36%, P<0.01, respectively. The results of AMOVA analysis for six Armenian populations indicate that the geographical population structuring of modern Armenians mainly accounts for the among-population genetic diversity in the Indo-European group; all three indices are statistically significant (P<0.01): V B =2.85%, V B =0.54%, and V B =1.37%, for UEP haplogroup, UEP+microsatellite, and microsatellite haplotype variation, respectively.
The AMOVA results are reinforced by corresponding genetic distance (F ST and R ST ) values between each pair of populations (Table 5) . Taking into account a significant level on P<0.05, 14 and 15 comparisons between 21 pairs of Indo-European populations are statistically significant for F ST and R ST , respectively. It should be noted that in the framework of this linguistic family the Yezidis significantly differ from all Armenian geographical populations. Semitic populations (Assyrians and Syrians) significantly differ from each other according to both indices. The opposite pattern of genetic relatedness was revealed for Turkic populations: Azerbaijanis and Turks did not differ significantly from each other according to F ST and R ST . When comparing pairs from different language families, Yezidis (as IndoEuropeans), Assyrians and Syrians (belonging to Semitic linguistic family), and Georgians (representing Caucasian language family) significantly differ from each other and from the rest populations. We could not find significant genetic distances only between Azerbaijanis and two (for F ST ) or four (for R ST ) Armenian populations, and also between Turks and one Armenian population according to R ST . It should be pointed out that all Armenian populations not significantly differing from Azerbaijanis or/and Turks represent the valley geographic regions both of current and Historical Armenia.
In order to make inferences on possible common ancestors of populations under consideration and ancient gene exchange between them, we have conducted comparison according to "Frequently Encountered Haplotypes", defined as those observing in any one population at a frequency greater or equal to 10% (Table 6 ). This method has been successfully used in our earlier paper (Weale et al. 2001 ) when comparing regional Armenian populations with other ethno-territorial data sets. The Armenian modal hg 1 (or P*(xR1b8,R1a,Q3)) haplotype (haplotype 42) is sharing with all neighbouring (Georgia, Azerbaijan, and Turkey) and only one Middle Eastern (Assyrian) countries, and is one of the two modal haplotypes in Turkey. The Armenian modal hg 9 (or J) haplotype (haplotype 33) is also shared with all neighbouring populations and with Syrians being the modal haplotype in Azerbaijan and one of the two modal haplotypes in Turkey. As it was noted earlier (Weale et al. 2001) , this haplotype has a DYS388 repeat size of 15 thus supporting the hypothesis (Bradman et al. 2000) that haplotypes with high DYS388 repeat sizes (15 and more) are signatures of Near Eastern/Southeast Asian origin. The results (Table 6 ) convincingly confirm this hypothesis, as haplotype 33 is also the modal haplogroup J haplotype in the Yezidi data set with frequency 12.24%. In the same time, the Yezidis have also hg1 modal haplotype with frequency 12.76% bearing the DYS repeat size of 12. This haplotype is absent in two Armenian populations (Iranian and Syunik), Turkey, Azerbaijan, and Georgia; all other populations share it with low frequencies ranging from 1.11% (in "West") to 2.83% (in Assyrians). The Assyrian modal haplogroup 1 haplotype (haplotype 36) and modal haplogroup 9 haplotype (haplotype 303) are ethnically specific as they are virtually absent in all other comparative data sets. The same pattern of genetic variation was observed among Georgians: their modal hg2 (or BR*(xB2b,CE,F1,H,JK) haplotype also seems ethnically specific as it is shared with low frequencies only by Turks-2.23%, and by three Armenian populations-Karabakh (0.47%), North (1.06%), and West (1.11%).
All populations have also been screened for the presence of the so called Atlantic Modal Haplotype (AMH), the most frequent hg 1 haplotype (14-12-24-11-13-13) to be modal in the Welsh, Basques, and Irish (Wilson et al. 2001) and to be considered as a signature haplotype of the Palaeolithic peopling of Europe. The highest frequency of AMH was found in Syunik-7.86% (Weale et al. 2001) , the subsequent frequencies in Karabakh, Turkey, Azerbaijan, Syria, and in the Assyrian data set are 2.79%, 2.79%, 2.50%, 1.39%, and 0.94%. This haplotype is absent in four valley Armenian regional populations, among the Yezidis and in Georgia. The revealed pattern of AMH variation in the Caucasus, Near East, and in Western Europe allows making speculations about the possible directions of preNeolithic populations' migration from Southeast Asia to Europe (Weale et al. 2001) .
To visualise the pattern of genetic relatedness within and among linguistic groups we used a multivariate method of factor analysis applied to the matrix of UEP haplogroup frequencies in 12 popula-tions (Table 1 ). The extraction method of principal component analysis has been used, and then the extracted components underwent Varimax rotation. Figure 2 visually summarises several interesting features of genetic affinity between populations already supported by different statistical approaches and significance tests.
First, the Indo-European populations (Armenians and Yezidis) form a distinctive cluster exhibiting some internal structure. It is evident that Karabakh and Syunik appear as genetically isolated group, and this feature was revealed earlier by Weale et al. 2001 applying principal coordinate analysis to both F ST values (UEP+micro-satellite haplotype frequency data) and R ST values (microsatellite data only).
A second feature is that the Turkic populations (Turks and Azerbaijanis) also form a distinctive group though not so tight and compact as the Indo-European populations. In any rate, Turks and Azerbaijanis appear as the most isolated from Armenia populations when considering the South Caucasian area and Anatolia. In this context, Georgians' location is intermediate between the Indo-European and Turkic speaking populations.
A third feature is that the Semitic populations (Assyrians and Syrians) are very distinct from each other according to both axes. This difference supported also by other methods of comparison points out the weak genetic affinity between the two populations with different historical destinies.
CONCLUSIONS
-1) In contrast with recently published data, our results revealed a rather high level of genetic discrimination between the Indo-European, Turkic, and South Caucasian groups while considering the South Caucasian and Anatolia. In other words, they showed greater genetic distances between the populations from different language families and close genetic affinity for the populations from the same language group, in this case, for the Turkophone ethnic units. -2) Population genetic studies require taking into account the geographical structure of human populations. In this regard, the comparison of ethnically different populations should be carried out on the basis of genetic distances computed for all possible pairs of different territorial groups each of them representing one of the populations under consideration.
-3) In order to achieve a high level of resolution while studying Ychromosome diversity and to get a significant discrimination between compared populations, more powerful (and sensitive) set of genetic markers (in this case, unique events polymorphisms + short tandem repeats) should be applied. This approach along with modern tools of statistical analysis provided a rather high level of resolution, and their combined application allowed making more strong and valid inferences about genetic relationships between populations. -4) When interpreting genetic results we need to take into account historical and archaeological data (e.g., in case of Assyrians and Syrians, who are Semitic speaking populations with different historical background).
-5) In whole, the results obtained point to the importance of appropriate Y-chromosome sampling procedures in geographically structured populations, and to the necessity of using a relevant set of markers and more powerful statistical tools that provide best discrimination of populations with different genetic histories. Map of Armenia, including definition of the regions "Ararat", "North", "West", "Syunik" and "Karabakh". The "Iranian" region covers a wider area to the southeast of this map. Key to towns: Yn=Yerevan; Gi=Gyumri; Vr=Vanadzor; Ga=Gyanja; Gs=Goris; Ja=Julfa. Georgians ( 
